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Abstract: Experiments have been conducted under laboratory condition to assess the mechanical 
characteristics of the hybrid composites with aluminium matrix A356 alloy, reinforced with Graphite and 
Flyash. This has been possible by fabricating the samples through usual stir casting technique. Scanning 
electron microscopy was used for microstructure analysis. Chemical characterization of both matrix and 
composites was carried out by using Energy Dispersive x-ray Spectroscopy., hardness, Density tensile and 
compression studies were carried out on both the alloy and composites.  Improved hardness and 
compression properties were observed for all the composites. Interestingly improved tensile properties 
were observed for all the composites than alloy. Dispersion of Graphite and Flyash particles in aluminium 
matrix improves the hardness of the matrix material and also the mechanical behavior of the composite. 
Keywords: A356 Alloy; (Graphite) And Flyash; Energy Dispersive X-Ray Spectroscopy; 
I. INTRODUCTION 
Aluminium Metal Matrix composites (AMMCs) 
are becoming gorgeous materials for advanced 
aerospace and automobile structures because of 
their properties can be customized through the 
addition of selected reinforcements [1, 2]. In 
particular particle reinforced MMCs have found 
special interest because of their high specific 
strength and specific stiffness at room or elevated 
temperature. Normally micron sized ceramic 
particles are used as reinforcement to improve the 
properties of the MMCs. Ceramic particles have 
low coefficient of thermal expansion (CTE) than 
metallic alloys, and therefore incorporation of the 
these ceramic particles may exist interfacial 
mismatch between matrix and reinforcement. This 
phenomenon may be higher for high ceramic 
particle concentration. Among various dispersoids 
used, fly ash is one of the most inexpensive and 
low density reinforcement available in large 
quantities as solid waste by-product during 
combustion of coal in thermal power plants. Fly 
ash particles are classified into two types, 
precipitator and cenosphere. 
II. EXPERIMENTAL 
Fabrication of composites  
In the present investigation A 356 whose chemical 
composition was shown in table 1 is used as Matrix 
material 
Table 1: Chemical composition of AA 356alloy, wt. %. 
Si Fe Mg Cu Zn Ti Cr Al 
7 0.5 0.20 0.25 0.35 0.22 0.10 balance 
Graphite/Flyash reinforced Aluminium alloy (A 
356) composites, processed by stir casting route 
was used in this work. The required quantities of 
fly ash and Graphite (5, 10 and 15 Wt. %) were 
taken. The molten metal was stirred to create a 
vortex and the weighed quantity of preheated 
Graphite and fly ash particles were slowly added to 
the molten alloy. After mixing the melt was poured 
into a prepared mould for the preparation of 
specimen.    
 
356 Ingots 
 
Casting in permanent die 
Characterization of Composites 
The tensile tests were conducted on these samples 
according to ASTM E8-95 at room temperature, 
using a universal testing machine (INSTRON). The 
specimens used were of diameter 12.5mm and 
Gauge length 62.5 mm, machined from the cast 
composites with the gauge length of the specimen 
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parallel to the longitudinal axis of the castings. The 
compression tests were conducted as per ASTM-
E9-95.The specimens used were of diameter 15mm 
and length 20 mm machined from cast composites. 
The Vickers hardness tests were conducted in 
accordance with the ASTM E10. 
III. RESULTS AND DISCUSSION 
Microstructures and EDS of alloy and composites 
From the microstructures, we can predict the 
reinforcement particle size, shape and distribution 
in the alloy, prepared samples were examined 
using a Scanning Electron Microscope (SEM) to 
study the distribution pattern of fly ash in the 
matrix. The micrographs shown in Figures depict 
the microstructure of as cast A356 and particulates 
reinforced A356 
 
Figure 1 SEM image of Flyash particle 
 
Figure 2 SEM image of Graphite particle 
 
Figure 3 SEM image of Graphite/FA composite 
EDAX 
Energy-dispersive X-ray spectroscopy (EDS, EDX, 
or XEDS), sometimes called energy dispersive X-
ray analysis (EDXA) or energy dispersive X-ray 
microanalysis (EDXMA), is an analytical 
technique used for the elemental 
analysis or chemical characterization of a sample. 
In the present work EDS was conducted on Flyash 
and Graphite Particles to see whether any 
contamination occurred as shown in Figure 4. 
 
Figure 4 EDS spectrum on the Flyash particulate 
Hardness studies 
From Fig. 5, it can be noted that the hardness of the 
composite increased with the increase in weight 
fraction of the particles. Thus the hard Graphite and 
Flyash particles help in increasing the hardness of 
the aluminium alloy (A356) matrix. J Babu Rao et 
al. [9] reported, the hardness improvement in 
aluminium alloys by incorporating flyash as 
reinforcement from 5 to 15 wt%, This could be due 
to the presence of fly ash particulates which 
consists of majority of the alumina and silica 
which are hard in nature. 
 
Figure 5 Hardness 
Tensile studies 
The tensile strength is improved in composites 
when compared with alloy. The ductility of the 
composite decreased with the increase in weight 
fraction of the flyash and Graphite. This is due to 
the hardness of the fly ash particles or clustering of 
the particles. The various factors including particle 
size, weight percent of reinforcement affect the 
percent elongation of the composites even in defect 
free composites.  
 
Figure 6 Fractured  tensile specimens 
IV. CONCLUSIONS 
The stir casting method used to prepare the 
composites could produce uniform distribution of 
the reinforced particles. The Tensile Strength, 
Compression Strength and Hardness increased with 
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the increase in the weight fraction of Particulates 
and decreased with increase in particle size of the 
flyash/Graphite. The ductility of the composite 
decreased with increase in the weight fraction of 
reinforced flyash/Graphite and decreased with 
increase in particle size of the fly ash. The 
enhancement in the mechanical properties can be 
well attributed to the high dislocation density. 
However, for composites with more than 15% 
weight fraction of fly ash particles, the tensile 
strength was seen to be decreasing. By using the 
composite an automobile clutch hub is fabricated 
and tested. 
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